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Background: The RightSpotpH™ indicator is a new device designed to facilitate pH-based confirmation of
nasogastric tube placement while minimizing exposure of the operator to nasogastric contents. Study objectives: In
vivo and in vitro validation of the RightSpotpH™ indicator.
Findings: Patients (23) undergoing general anesthesia had placement of a nasogastric tube and gastric pH
electrode catheter following endotracheal intubation. Direct intragastric pH was recorded simultaneously with
gastric aspirate pH using the RightSpotpH™ indicator as well as an external pH electrode. In vitro validation of the
RightSpotpH™ indicator was performed using standard buffer solutions. Electrode catheter-determined intragastric
pH was compared to the RightSpotpH™ indicator result (pH greater or less than 4.5) as was aspirate pH using an
external pH electrode. The positive predictive value for the RightSpotpH™ indicator was 0.92 (95% CI 0.62-0.99) and
negative predictive value was 1.0 (95% CI 0.48-1.0) when compared to the direct catheter intragastric pH
determination. This corresponds to a sensitivity of 1.0 and specificity of 0.83. The positive predictive value for the
RightSpotpH™ indicator was 1.0 (95% CI 0.29-0.99) and negative predictive value was 0.75 (95% CI 0.19-0.99) when
compared to the external pH electrode determination of aspirate. This corresponds to a sensitivity of 0.91 and
specificity of 1.0. Blinded in vitro testing of 46 buffer solution samples of pH 2–7 yielded sensitivity and specificity
for correct pH discrimination of 1.0 and 1.0.
Conclusions: The RightSpotpH™ indicator is sensitive and specific for determination of intragastric pH
determination as less than or greater than 4.5 as commonly used for nasogastric tube placement.
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Placement of nasogastric tubes is one of the most com-
monly done procedures in the emergency department
and critical care settings, and improper placement can
lead to significant morbidity. A variety of methods have
been utilized to ensure correct placement of nasogastric
tubes. These include abdominal radiographs; aspirating
gastric contents and measuring pH, bilirubin, pepsin,
and trypsin; auscultation; and carbon dioxide measure-
ment, among others [1]. In general, pH determination of
the gastric aspirate is considered an acceptable method* Correspondence: Charles.lambert@ahss.org
1University of Florida College of Medicine, 1600 Archer Road, Gainesville,
Florida 32610, USA
2Florida Hospital Tampa Pepin Heart Institute, Dr. Kiran C. Patel Research
Institute, 3100 East Fletcher Avenue, Tampa, Florida 33613, USA
© 2013 Lambert et al.; licensee Springer. This is
Attribution License (http://creativecommons.or
in any medium, provided the original work is pin clinical practice for nasogastric tube placement and
has been endorsed by regulatory agencies [2]. In ad-
dition, pH determination (< 5.0) was recently adopted as
an evidence-based best practice for determination of
correct nasogastric tube placement [3]. This may be
done at the bedside by use of pH paper or electrodes;
both of these methods involve risk of exposure to the as-
pirate to the operator during transfer and handling of
the fluid.
The RightSpotpH™ indicator (Figure 1) is a convenient
closed system that was developed to minimize operator
exposure to gastric aspirate while providing quick and
accurate measurement of pH as ≤4.5 or >4.5 using indi-
cator paper technology. The device is placed between
the proximal end of the nasogastric tube and a syringe
used for aspiration. This study represents the firstan Open Access article distributed under the terms of the Creative Commons
g/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
roperly cited.
Figure 1 The RightSpotpH™ indicator device connects to a
standard nasogastric tube, allowing aspiration of fluid into a
chamber containing pH-indicating paper that changes color
for pH < 4.5.
Lambert et al. International Journal of Emergency Medicine 2013, 6:28 Page 2 of 3
http://www.intjem.com/content/6/1/28reported validation of this device in patients as well as
in vitro.
Methods
The Florida Hospital Tampa Institutional Review Board
approved this study, which was conducted from January
to July 2012. All patients were 21 years of age or older and
had a planned elective procedure requiring general
anesthesia with endotracheal intubation and placement of
a nasogastric tube. A standard nasogastric tube was se-
cured by suture to a pH electrode catheter (Versaflex™)
and introduced orally by the attending anesthesiologist
following endotracheal intubation. Prior to introduction,
the pH catheter was calibrated using buffer solutions per
the manufacturer’s directions. Auscultation was also rou-
tinely done following tube placement as standard practice.
Following placement, gastric aspirate was withdrawn
using a standard syringe attached to the RightSpotpH™
indicator, and a simultaneous reading of direct intra-
gastric pH was taken from the electrode catheter. If
enough gastric aspirate was present, pH was also mea-
sured with a laboratory pH electrode. Patients were ex-
cluded who had grossly bloody nasogastric aspirate. All
operators were previously tested for color blindness
(Ishihara).
The RightSpotpH™ indicator gives a determination of
pH greater or less than 4.5. Results were analyzed compar-
ing the direct intragastric pH versus the RightSpotpH™ in-
dicator reading using Fisher’s exact test. Similarly, the
RightSpotpH™ indicator reading was compared to the de-
termination of aspirate pH by the external laboratory pH
electrode. An in vitro validation study was done using
standard clear buffer solutions of pH 2–7. A total of 46
measurements were made in blinded fashion using the
RightSpotpH™ indicator, and data were analyzed in the
same manner as for the in vivo comparisons.
Findings
A total of 23 patients were enrolled in the study. Data
were collected from 17, the others having no gastric as-
pirate (4) or grossly bloody aspirate (2). No complica-
tions occurred during the study. Contingency analysis of
RightSpotpH™ indicator pH versus directly measured
intragastric pH was highly significant (P ≤ 0.001). Sensi-
tivity for RightSpotpH™ indicator determination was 1.0(95% CI 0.71-1.0) and specificity 0.83 (95% CI 0.36-0.99).
Positive predictive value for the RightSpotpH™ indicator
was 0.92 (95% CI 0.62-0.99) with negative predictive
value 1.0 (95% CI 0.47-1.0).
When compared to aspirate pH measured by external
pH electrode and a laboratory pH meter, a significant rela-
tionship was seen (P ≤ 0.009). The positive predictive value
for the RightSpotpH™ indicator was 1.0 (95% CI 0.29-0.99)
and negative predictive value was 0.75 (95% CI 0.19-0.99).
This corresponds to a sensitivity of 0.91 and specifi-
city of 1.0.
Results for the in vitro validation also revealed a signi-
ficant relationship between RightSpotpH™ indicator de-
terminations and actual pH of clear buffer solutions
(P ≤ 0.001) with sensitivity of 1.0 (95% CI 0.88-1.0), spe-
cificity of 1.0 (95% CI 0.78-1.0), positive predictive value
of 1.0 (95% CI 0.88-1.0), and negative predictive value of
1.0 (95% CI 0.78-1.0).Discussion
Correct placement of nasogastric tubes is critical for pa-
tient safety, and pH testing offers an evidence-based
method to assist in this process [3]. The use of pH test-
ing for placement and monitoring of nasogastric tubes
has been well described [1-11]. The RightSpotpH™ indi-
cator offers an inexpensive and convenient method to
check pH without exposing medical personnel to gastric
aspirate and use of pH paper or external electrodes.
This study validates use of the RightSpotpH™ indicator
for determination of intragastric pH as less or greater than
4.5 in patients with high sensitivity, specificity, and pre-
dictive value. Excellent agreement between RightSpot™
indicator results and direct intragastric pH, external meas-
urement of aspirate pH by electrode and by using stand-
ard buffer solutions was observed. It follows that use of
the RightSpotpH™ indicator should serve as an efficient,
accurate, and potentially safer method for pH-facilitated
tube placement than conventional techniques involving
handling of body fluids. Use of the device should increase
patient safety wherever nasogastric tubes are inserted in-
cluding the emergency department, critical care areas,
perioperatively, and in the field, among others.Limitations of the study
This is a simple validation study using the RightSpotpH™
indicator using indicator paper methodology in comparison
to intragastric pH detection by catheter electrode or exter-
nal pH electrode as reference standards. Previous investiga-
tions have shown that electrode catheter-determined pH
might not always reflect in vitro pH electrode-determined
aspirate pH and that this variability also applies to indicator
paper-based determinations [9,10,12-14]. Potential reasons
for the observed variability between methods are many but
Lambert et al. International Journal of Emergency Medicine 2013, 6:28 Page 3 of 3
http://www.intjem.com/content/6/1/28probably involve regional variability of intragastric pH, con-
tact of the electrode with the mucosa, and others.
No gastric aspirate was obtained in four patients. This
is most likely due to the fact that these patients had been
fasting for 24 h prior to their planned procedures.
This work was supported by a grant from EZ-NG, L.L.C.,
5635 N. Scottsdale Road, Scottsdale, AZ 85250.
Competing interests
No competing interests exist for any of the authors. As indicated, a small
grant was made to cover the costs of this study.
Authors’ contributions
CL was the principle investigator for the study and performed data analysis.
JH and MP are clinical research coordinators who were assigned to the
study, and DV was a co-investigator. JS was the administrative coordinator
for the study and also participated in data analysis. All authors read and
approved the final manuscript.
Acknowledgements
We would like to thank the staff of the cardiac catheterization laboratories
and operating rooms at Florida Hospital Pepin Heart Institute for their
support of this and other research.
Received: 18 February 2013 Accepted: 18 June 2013
Published: 17 July 2013
References
1. Ellett ML: What is known about methods of correctly placing gastric tubes
in adults and children. Gastroenterol Nurs 2004, 27:253–259. quiz 260–251.
2. Taylor SJ, Clemente R: Confirmation of nasogastric tube position by pH
testing. J Hum Nutr Diet 2005, 18:371–375.
3. Tho PC, Mordiffi S, Ang E, Chen H: Implementation of the evidence review
on best practice for confirming the correct placement of nasogastric tube
in patients in an acute care hospital. Int J Evid Based Healthc 2011, 9:51–60.
4. Walker LJ: Methods to correct placement of a nasogastric tube: beware
of the pitfalls. Age Ageing 2005, 34:655.
5. Stock A, Gilbertson H, Babl FE: Confirming nasogastric tube position in the
emergency department: pH testing is reliable. Pediatr Emerg Care 2008,
24:805–809.
6. Neumann MJ, Meyer CT, Dutton JL, Smith R: Hold that x-ray: aspirate pH
and auscultation prove enteral tube placement. J Clin Gastroenterol 1995,
20:293–295.
7. Metheny NA, Stewart BJ, Smith L, Yan H, Diebold M, Clouse RE: pH and
concentrations of pepsin and trypsin in feeding tube aspirates as
predictors of tube placement. JPEN J Parenter Enteral Nutr 1997, 21:279–285.
8. Metheny N, Reed L, Wiersema L, McSweeney M, Wehrle MA, Clark J:
Effectiveness of pH measurements in predicting feeding tube
placement: an update. Nurs Res 1993, 42:324–331.
9. Levine RL, Fromm RE Jr, Mojtahedzadeh M, Baghaie AA, Opekun AR Jr:
Equivalence of litmus paper and intragastric pH probes for intragastric
pH monitoring in the intensive care unit. Crit Care Med 1994, 22:945–948.
10. Eisenberg PG, Cort D, Zuckerman GR: Prospective trial comparing a
combination pH probe-nasogastric tube with aspirated gastric pH in
intensive care unit patients. Crit Care Med 1990, 18:1092–1095.
11. Dobkin ED, Yeston NS: Use of pH paper to reflect gastric pH. Chest 1992,
101:885–886.12. Meiners D, Clift S, Kaminski D: Evaluation of various techniques to monitor
intragastric pH. Arch Surg 1982, 117:288–291.
13. Durham RM, Weigelt JA: Monitoring gastric pH levels. Surg Gynecol Obstet
1989, 169:14–16.
14. Driscoll DM, Cioffi WG Jr, Molter NC, McManus WF, Mason AD Jr, Pruitt BA
Jr: Intragastric pH monitoring. J Burn Care Rehabil 1993, 14:517–524.
doi:10.1186/1865-1380-6-28
Cite this article as: Lambert et al.: Validation of the RightSpot™ device
for determination of gastric pH during nasogastric tube placement.
International Journal of Emergency Medicine 2013 6:28.Submit your manuscript to a 
journal and beneﬁ t from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁ eld
7 Retaining the copyright to your article
    Submit your next manuscript at 7 springeropen.com
